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Monolithic pixel detectors in 0.20um Silicon On Insulator (SOI) technology have been developed, realized and characterized.
This work shows the decisive effect of the substrate bias condition during irradiation on the total dose damage of the electronics.

SOI technology for monolithic pixel sensors: Chip production:

@ In the SOI technology CMOS electronics 1s implanted on a thin silicon layer on top of a buried oxide (BOX): this
ensures full dielectric isolation, small active volume and low junction capacitance (higher latch-up immunity, lower power
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Fractional Yield: @ When exposed to 1onizing radiation, electron-hole pairs are created inside Total dose tests:
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L veveccron s vce @ If a depletion voltage is applied to the detector (substrate), a strong damage studies described in this poster 1s the Seifert Rp-149 Semiconductor Irradiation System
| 7—_ electrical field is present inside the BOX. X-ray machine: Test structures:
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» NMOS and PMOS Body of Body Tie transistors at OV.
Bias » Drain and source at 0V, gate NMOS HIGH (1.8V), gate PMOS LOW (0V).
» Substrate bias voltage (V) :

THE TOTAL DOSE DAMAGE ON THE TRANSISTOR CO;ld;flllonS B U guacc-ving flosing
STRONGLY DEPENDS ON THE BIAS GIVEN TO THE ,rra‘é,;t % . %V, =10V with PSUB guard-ring at 0V
1 14ll <

(1s the PSUB guard-ring effective in containing the electrical field
SUBSTRATE DURING IRRADIATION through the BOX?).

NMOS transistor: (L = 0.50um, W = 250um, Normal V , Core transistor, Body Tie) for four different bias conditions:

Vback =0V Vback =5V Vback =10V / . \
. . , , V. . =10V @ The PSUB guard-ring
PSUB guard-ring Floatin PSUB guard-ring Floatin (PSUB guard-ring Floating) back = . .
( g g g) 1E(oo g g 2) o g PSUB (PSUB guard-ring @ GND) tied at GND during
Er - Er —pre | —P : . : ..
o e — ok — 1o GUARD-RING —w irradiation indeed limits
E-0 B ‘ a . i /— —— I // 28 krad 1.E-01 — 18 krad . .
z 7 ook =, a7/ 4 —30 krad - e —38 krad 1£0s Zfﬁ? s the electrical field
< e ////// I r 1.E-06 — 56 krad - /// 43 krad B or P(~5- IOISCm'2) < 1.E-05- — 38 krad h h h B OX d
s ) / a0 koa 1.E-08 74 20 krad o B / // — 48 krad SOI 8 1.E-07 ﬁ — 68 krad thr Oug the dan
_ 1.E-10 - . .«
1E-10 _/// IRV 1E-10 el el e g ke BOX Ul electronic layer N 4 S 1IMproves the radiation
1E12 | | — 2 Mrad 1.E-12 ‘ ‘ ‘ — 160 krad W2 —62kad N Z R — 128 krad :
0: oz oy 1 e s IR T IR R ) < I s = —2swad hardness of the device.
gs PSUB . . . Vgs (V) . .

| guardring |
@ The leakage current and the threshold voltage strongly depend on the bias condition during

irradiation: the higher V., the higher I, and the lower the V. (greater damage on the BOX). . T B
@ The PSUB guard-ring 1s effective in limiting the backgate effect
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C-V measure on SOI-2 chip:
For V... = 0V the transistor is still working properly up to doses of ~1Mrad. measured depletion is smaller than expected

(700Q2-cm 1s the nominal resistivity)
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